Abstract Increases in drug abuse, injection, and opioid overdoses in suburban communities led us to study injectors residing in suburban communities in southwestern Connecticut, US. We sought to understand the influence of residence on risk and injection-associated diseases. Injectors were recruited by respondent-driven sampling and interviewed about sociodemographics, somatic and mental health, injection risk, and interactions with healthcare, harm reduction, substance abuse treatment, and criminal justice systems. HIV, hepatitis B and C (HBV and HCV) serological testing was also conducted. Our sample was consistent in geographic distribution and age to the general population and to the patterns of heroin-associated overdose deaths in the suburban towns. High rates of interaction with drug abuse treatment and criminal justice systems contrasted with scant use of harm reduction services. The only factors associated with both dependent variables-residence in less disadvantaged census tracts and more injection risk-were younger age and injecting in one's own residence. This contrasts with the common association among urban injectors of injection-associated risk behaviors and residence in disadvantaged communities. Poor social support and moderate/severe depression were associated with risky injection practices (but not residence in specific classes of census tracts), suggesting that a region-wide dual diagnosis approach to the expansion of harm reduction services could be effective at reducing the negative consequences of injection drug use.
Introduction
National data concerning the abuse of illicit drugs and the provision of substance abuse treatment have revealed declines in the levels of abuse of injectable drugs among urban populations with concomitant increases among suburban and rural populations [1] . The number of young suburban drug users has increased in many US regions including those surrounding Chicago, Baltimore, Boston, and New York [2] [3] [4] [5] . The recent addition of illicit drug use by county type to SAMHSA's National Survey of Drug Use and Health has identified increases of 10-15 % in the percentage of people using illicit drugs in counties classified as small metropolitan and non-metropolitan, highly urbanized counties (i.e., counties likely to contain suburban communities) between 2007 and 2010 [6] . Monitoring the Future, which conducts high school drug use surveys [7] , has reported increases in heroin and pharmaceutical opioid use over the past two decades, but these may be low-end prevalence estimates since the reporting of stigmatized behaviors like hard drug use are likely to be under-reported. Despite statistical evidence for these trends, we could identify only three recently published quantitative studies on factors associated with suburban drug use, and two of the three focused on teenagers [8] [9] [10] .
Data on opioid poisonings suggest similar increases in drug abuse and injection drug use in southwestern Connecticut suburbs. Between 1997 and 2007, 794 overdose deaths attributed to heroin or other opioids were reported in Fairfield and New Haven Counties. Approximately 40 % of these occurred among residents in 35 small cities and towns, with particularly high rates ([30 per 100,000 residents) in several smaller communities [11] .
Despite these geographic trends nationally and regionally, little research has been conducted to understand the experiences and perceptions of drug injectors who reside in suburban environments. One study conducted in the late 1990s in the Chicago metropolitan area included 38 % suburban residents among the 700 study participants [5] . This study reached participants willing to travel to low income, urban locations; the resultant publications compared urban to suburban participants and did not explore differences within the suburban subsample. Thus, little is known about differences within populations of suburban injectors. We, therefore, undertook a study that sampled injectors residing in suburban towns in Fairfield and New Haven Counties.
In this manuscript we describe the study sample, their geographic distribution, self-reported drug use and injection histories and practices, self-reported physical and mental health status, and interactions with the substance abuse treatment or criminal justice systems. We hypothesized that neighborhood disadvantage, whose influence on drug problems is well documented in urban areas [12] [13] [14] [15] [16] [17] , is associated with increased risk of viral transmission and prevalence among suburban injectors. It is important that in Connecticut we undertook the geographic analysis at the census tract level data since poorer, disadvantaged neighborhoods are often contained within towns with very high median incomes. We therefore explored the influence of geography by comparing participants based on measures of sociodemographic status of the census tracts in which they resided to negative consequences of injection drug use and access to prevention and treatment services.
Methods
The study was designed as a longitudinal study with semiannual contact between study personnel and participants. The methods and informed consent process used in this study were approved by the Yale University Human Investigation Committee. This manuscript describes the collection and interim analysis of baseline data.
Sample
The sample was accrued using respondent-driven sampling (RDS) [18] [19] [20] . Participants were required to meet the following inclusion criteria before providing informed consent: (1) self-reported injection drug use within the past 30 days or evidence of injection stigmata, (2) C18 years of age, (3) proof of residence for at least 6 months in a Fairfield or New Haven County town, excluding the urban centers of Bridgeport, Danbury, New Haven, Norwalk, Stamford, or Waterbury, (4) willingness to participate in a longitudinal study, to answer questions on a survey, and provide a blood specimen for serological testing, and (5) competence to provide informed consent. RDS seeds were recruited from drug treatment programs, by referral from community social service providers, and fliers posted within communities (e.g., convenience and grocery stores, pawn shops). Each seed and subsequent participant was given four coupons to distribute to people whom he or she felt would meet the inclusion criteria. Recruitment began in November 2008, and this report covers individuals recruited through May 2011.
Data Collection
All study participants completed a quantitative survey that was conducted in part by interviewer elicitation (to establish rapport) and in part by direct participant input into laptop computers using QDS TM (Nova Research, Bethesda, MD) proprietary software for programming the audiocomputer assisted self-interview (A-CASI). The survey covered sociodemographics, drug use history, current injection behaviors, medical history, clinical screening measures, assessment of HIV, hepatitis, and overdose knowledge, and involvement with substance abuse treatment, harm reduction, and/or criminal justice systems. Questions covering sociodemographics, drug use history, current injection behaviors, medical history, and interactions between participants and substance abuse treatment and harm reduction services were adapted from our previous studies of urban injection drug users [21] [22] [23] [24] [25] [26] . Clinical screening measures included the addiction severity index (ASI) [27, 28] , Center for Epidemiological Studies Depression Scale (CES-D) [29] , Beck Anxiety Inventory AIDS Behav (2014) 18:452-463 453 [30, 31] , Alcohol Use Disorders Identification Test (AUDIT-C) [32, 33] , and Brief Pain Inventory [34, 35] . The interview also included items assessing participants' perceived level of social support [36] and one item concerning spirituality. Questions on interactions with the criminal justice system were developed especially for this study. Because we employed RDS as a recruitment tool, we collected the standard social network data at baseline and collected additional data on coupon distribution when participants returned to claim recruitment bonuses [37, 38] . The baseline interview took 90-120 min to complete. All participants agreed to provide a blood sample for serological testing to determine HIV, HBV, and HCV serostatus. A total of 4-6 ml of blood was collected by phlebotomy, and serum was prepared and stored at -20°C until thawed for testing using serological test kits (Bio-Rad Laboratories, Hercules, CA). No confirmatory testing was conducted, but individuals who tested positive on an initial screen were informed and referred to services providing confirmatory testing, instructed to assume that they were positive until receiving a negative confirmatory test, and counseled on how to avoid transmitting the virus. Testing for HBV included screening for antibodies to core and surface antibodies (HBcAb and HBsAb, respectively) and for surface antigen (HBsAg). Individuals who tested negative for all three HBV serological tests were informed that they were susceptible and advised to receive vaccination. Individuals who tested HBcAb-positive, regardless of the test results for HBsAb were informed that they had been previously infected. Individuals who tested HBsAb-positive but negative on the other tests were informed that they had been previously successfully vaccinated. Individuals who tested HBsAg-positive, regardless of the results of any other test were informed that they were likely to be actively infected, instructed to seek medical care, and advised on how to avoid transmitting the virus.
Data Analysis
We analyzed the data in three steps. First, we examined our sample to assess its potential generalizability and then described its characteristics, collapsing some categories to simplify analysis. In the case of injection frequency the number of injections in the last 30 days was censored at 360. A composite variable of injection risk during the 30 days prior to interview was created by identifying any individual who engaged in any of the following unsafe injection practices:
• distributive or receptive sharing of syringes, • sharing of cookers, drug-mixing water, and rinse water, and • sharing of drugs once they had been dissolved.
The injection risk score is therefore a count of how many of these behaviors each participant had engaged in during the past 30 days. Although the HIV/Hepatitis C transmission risk for each of these behaviors may not be the same, each poses a substantial risk of infection for both viruses, so we did not weight the behaviors by risk.
Finally, we assessed the influences of geography and injection risks. Given the large income disparities within some of the wealthier towns, we conducted our analysis at the census tract level, using the community disadvantage index (CDI) to achieve appropriate geographic granularity. The CDI is a commonly used metric adapted by the US Department of Justice to summarize the general socioeconomic conditions of a census tract, has been proven reliable (a = 0.89), and is generally considered to be more reliable than any single indicator used by itself [39, 40] . Such metrics are well established in the literature on drug use [12] [13] [14] [15] . It combines several US Census measures-the percent of persons living below the federal poverty line, the percent of persons receiving public assistance, and the percent of families with minor children that are femaleheaded.
We note that the CDI does not include minority density or over-representation as is found in other attempts to quantify neighborhood disadvantage. This is particularly advantageous in this study since the low numbers of nonwhite participants merit the use of a non-racially defined metric of neighborhood disadvantage. The CDI scores are normalized to reflect the distribution of community disadvantage across census tracts in the US and range from 1 to 10, where a score of 10 indicates that 10 % of tracts are the most disadvantaged in the country and a score of 9 suggests that the tract is more disadvantaged than 90 % of tracts not included in group 10 [41] . In our catchment area, tracts with scores of 1-9 are represented.
Following the determination of bivariate associations of CDI and injection risks with other factors, two models were constructed. First, we used ordinal logistic regression with census tract CDI as the dependent variable to identify behavioral, medical, and social factors associated with residence in different classes of census tracts. We entered all variables that were associated (at p B 0.10) with higher CDI into the model which was then run in a backward, stepwise fashion, removing independent variables to produce a final model that minimized the Akaike information criterion (AIC), a measure of goodness-of-fit [42] .
Second, given the strong associations with classes of census tracts found in the ordinal regression, we modeled injection risk scores as the dependent variable using generalized estimating equations (GEE) where the CDI category was used as a clustering factor. This method of clustering provides statistical power by grouping similar census tracts and thereby reducing the influence of tracts with few or no observations [43, 44] . Within the GEE model, the count of risk behaviors was modeled as a Poisson distribution. The model included all variables that were associated (at p B 0.10) with higher injection risk and optimized in a backward, stepwise fashion removing independent variables using the quasi-likelihood information criteria (QIC) [45] contained within the geepack addon package for R software [46] .
Results

Analysis of the Sampling to Recruit Study Participants
A total of 454 participants were enrolled in the study during the period under consideration. This recruitment required the identification of 82 seeds, of whom 46 (56.1 %) proved non-productive ( Fig. 1) . Because of the large number of seeds and participants' self-reported small network sizes (mean of 9.4 and median of 6, indicating skewness towards small networks), the assumptions required of RDS in order to attempt population estimates were not met [18, 20] . Nonetheless, we investigated the representativeness of the sample by four methods: two indirect approaches and two direct comparisons to available data.
First, we compared the longest chain of participants (n = 219) to the rest of the sample based on the assumption in RDS that, as chains elongate, their approximation of the underlying population from which the sample is drawn improves. We considered 12 variables covering demographics (four variables), injection behaviors (three variables), health problems (three variables), and interaction with criminal justice and substance abuse treatment systems (two variables). There was no difference on ten of these variables, but we did detect differences in educational level and wealth of town of residence. Those in the longest chain were more likely to have no more than a high school education (p = 0.001) and to reside in towns below the state's median income (p \ 0.001), and these two variable are correlated (p = 0.04). Neither of these factors could be considered directly associated with injection risk behaviors, which is the focus of this analysis.
In the second indirect analysis, we calculated the population proportions relative to the CDI categories for all of the suburban census tracts where recruitment took place. Although participants were under-represented in the most privileged census tracts and over-represented in tracts with greater disadvantage, participant proportions in the nine CDI categories were not significantly different from the suburban population as a whole when measured by ANOVA.
We then did a direct comparison of the place of residence and ages of the study participants with data from the Connecticut Office of the Chief Medical Examiner from 2002 to 2010 for individuals who, upon autopsy, were found to have died from heroin-associated overdoses. The geographic distribution of participants' residences and their mean age were comparable to those of the heroin-associated overdose decedents (Fig. 2) .
Characteristics of the Study Participants
Sociodemographic data appear in Table 1 . The sample was 62.1 % male (n = 282), with a mean age of 35.0 ± 10.9 years and median age of 34. The sample was overwhelmingly Caucasian. More than four in five (n = 365, 80.4 %) had completed high school. Only 33 (7.3 %) had served in the military. The majority was single. Just more than one-quarter (n = 131, 28.9 %) reported being employed with mean and median monthly income of $1,589 ± $1,807 and $1,100 (25, 75 %: $600, $2100),
respectively. More than one-quarter (n = 133) also reported receiving illegal income, but only 218 people responded to this question. Nearly half the sample received money through disability or governmental assistance (n = 223, 49.1 %). Most had government-supported health insurance (n = 272, 59.9 %), although many had no health insurance (n = 120, 26.4 %).
Participants typically initiated injection drug use in their mid-20s, with mean and median durations of 10.8 ± 10.3 and 7 (25, 75 %: 3, 16) years, respectively. The predominant drug of choice for injection was heroin (n = 408, 89.9 %), with 27 (5.9 %) reporting cocaine ( Table 2) . Reports of preference for methamphetamine or pharmaceutical opioids were rare, but polydrug use was common, with 138 individuals (31.3 %) reporting injecting more than one kind of drug during the previous 30 days. The majority of individuals reported obtaining their drugs from locations outside rather than within their town of residence (Table 2) . Syringes were most commonly obtained from pharmacies (n = 333, 74.2 %) and mostly without prescription. Use of one of the state's four syringe exchange programs was rare (n = 15, 3.3 %). The majority injected most often at their own residence (n = 259, 57.0 %) or in the residence of a friend or relative (n = 56, 12.3 %). With respect to self-reported risky injection practices during the last 30 days, 93 participants (20.5 %) reported sharing syringes, but only 12 (2.6 %) reported sharing every time they injected. Sharing of vessels for dissolving drugs (''cookers'') was reported by 81 participants (17.8 %), sharing of rinse water by 136 (30.0 %), and sharing of water to dissolve drugs by 158 (34.8 %).
Participants knew slightly more about HIV transmission and prevention than about hepatitis transmission and prevention or overdose prevention and response (Table 2) . Mean score on the 13-item HIV knowledge test was 66.8 % compared to 54.2 % for the 15-item hepatitis knowledge test and 54.4 % on the 21-item overdose knowledge test. However, scores for all three tests were not statistically different from 50 %, which would be obtained if answers were provided at random. Most participants knew that it is legal in Connecticut to purchase syringes in pharmacies (67.0 % correct); fewer were aware that it is legal in Connecticut to carry used syringes (28.2 % correct). Only 94 individuals (20.7 %) correctly answered both questions.
The prevalence of syringe-borne infections (Table 3 ) was lower than that previously reported for urban IDU populations in CT [22, 47, 48] . Only 14 people (3.2 %) tested positive for HIV, and only four of the 14 had known they were positive prior to testing in our study. Nearly half (n = 180, 41.0 %) tested positive for HCV, but only 73 (40.6 % of the 180) had known they were positive. Of the 113 (25.8 %) who had been exposed to HBV, 20 (17.7 %) had known they had been infected. A larger number (n = 137, 31.3 %) had been successfully immunized, but a plurality (n = 188, 42.9 %) remained susceptible to infection.
Opioid overdose had been experienced by 140 (30.8 %) individuals (Table 3) . For these individuals, repeated overdoses were the norm (mean = 2.8 ± 2.4 events, median = 2 events), and 18 (13.4 %) of the 134 who responded reported one in the past year.
The majority of respondents reported their current health status as good to excellent (Table 4) . Nevertheless, somatic and mental health problems were common. More than onethird (n = 206, 35.4 %) were classified with moderate to severe depression. Nearly one-quarter (n = 110, 24.2 %) was classified with moderate to severe anxiety. About twothirds (n = 236, 64.3 %) reported some level of risky alcohol use. Most participants perceived themselves to receive social support from family, friends, and significant others. The mean injection network size reported as part of RDS data collection-the number of individuals who the participant knew to be injectors and had seen in the past 6 months-was 9.4 ± 15.1 (median = 6), and respondents reported that they injected with an average of 2.2 ± 3.0 people during the past 30 days.
Most individuals reported prior interaction with both the substance abuse treatment and criminal justice systems (Table 5 ). More than three-quarters (n = 351, 77.5 %) reported ever receiving some form of substance abuse treatment, with detoxification the most common modality (n = 300, 85.5 % of those ever in treatment) and, of these, one-quarter (n = 76, 25.3 %) had entered a detoxification program in the past year. In terms of longer-term substance abuse treatment, the most common modality was opioid substitution therapy, with 289 participants (63.7 %) having ever received substitution therapy. At the time of interview, 208 participants (77.0 % of those ever receiving substitution therapy) were currently receiving some form of opioid substitution treatment. Only eight were receiving suboxone, and the remainder (n = 200) received methadone. Even more common than engagement with substance abuse treatment was engagement with the criminal justice system ( Table 5 ). The majority (n = 404, 89.0 %) reported at least one arrest, and the average number of times arrested was 9.0 ± 11.6. Nearly eight in ten of those arrested had spent time in jail (n = 318, 78.7 %), and among these participants the mean number of times jailed was 7.4 ± 8.9. About one-third of those detained (n = 108, 34.0 %) reported being detained only briefly before release. Two-thirds (n = 272, 67.3 %) had been convicted at least once, and 93.0 % (n = 252) of those convicted received a prison sentence. For those sentenced, the mean number of times in prison was 3.8 ± 7.0. Onethird of those convicted was currently on probation or parole (n = 96, 35.4 %).
Associations with Place of Residence
Most participants (64.8 %) resided in towns with median household incomes below that for the state as a whole. In Fairfield County, this was 153 of 195 (78.5 %) participants; in New Haven County, this was 141 of 259 (54.4 %) participants. In total, approximately one-third of participants (n = 160, 35.2 %) resided in towns with median incomes at or above the state median. However, most participants resided in census tracts with high CDI scores (more disadvantaged neighborhoods) regardless of the town's median income. In the ordinal logistic model, higher CDI was significantly associated with older age, government health insurance, purchasing drugs in one's hometown, injecting in one's own residence, and not currently receiving opioid substitution treatment (Table 6A) . In the GEE model clustered by CDI of residence, a higher injection risk score was associated with younger age, injecting with more people, less likelihood of injecting most often at participants' current residence, and moderate to severe depressive symptoms (Table 6B) . Those with higher injection risk scores were also less likely to perceive themselves as receiving social support from family, friends, or significant others, despite the fact that they also reported having larger drug using networks.
Discussion
This report describes a sample of suburban drug injectors and identifies differences within this population. The sample is younger and appears to have smaller social networks than those found in most current studies of IDUs in large cities of the U.S. Northeast [49] [50] [51] [52] . Their experiences with the different systems with which they interact as drug users-criminal justice, substance abuse treatment, and harm reduction services-reveal near universal engagement with the police and the courts, less (but still considerable) experience with substance abuse treatment services, and almost no contact with harm reduction services. Injectors' knowledge about HIV is poor and statistically no better than it is regarding either hepatitis or overdose, which differs from findings from studies of urban injectors in Connecticut [22] . This suggests that the HIVcentric prevention messages targeted to urban injectors have failed to reach their suburban counterparts. Furthermore, individuals seem to have limited awareness of their HIV or hepatitis infection status. But the most striking difference between our results and studies of urban injectors is the lack of association between residing in areas of poverty and disadvantage and injection risk behaviors.
Despite the lack of association between disadvantage and injection risk, the potential for negative health consequences in this population is substantial. Although it seems safe to conclude that this population of injectors is shielded from HIV by virtue of their small injection networks, low HIV prevalence, and the levels of unsafe injection practices [53] [54] [55] [56] , the situation is different for hepatitis. For HCV, serological testing revealed that almost half had been infected. For HBV, one-fifth of those infected with HBV remained carriers, and two in five injectors remained susceptible. Given the ease of HBV and HCV transmission [57] [58] [59] further epidemic spread is likely. Drug overdoses, another major cause of morbidity and mortality among drug injectors, were commonplace. These data reveal an ongoing need for expansion to non-urban areas of a broad range of programs, especially those that incorporate harm A large proportion of the participants may have been simultaneously receiving substitution therapy for opioid addiction and injecting. It is unclear if this represents treatment failure or a strategy employed by drug users to modulate their drug use or that they entered treatment within the month prior to enrolment. Few injectors report injecting pharmaceutical opioids. It may be that by the time people switch to injection, even if they initiated opioid abuse with pharmaceuticals, they have already replaced more expensive, diverted pharmaceuticals with relatively less expensive heroin [60, 61] . This situation parallels what we and other researchers have found in looking at transitions to injection in other non-urban communities [62, 63] . We plan to explore these possibilities through subsequent qualitative data collection and analysis.
Our assumption that suburban residence would shield individuals from the threats to health and liberty led us to hypothesize that residence in wealthier or less disadvantaged communities would be more protective against the negative consequences of their drug use. While this hypothesis did not hold for hepatitis prevalence, aspects of the risks for contracting or transmitting virus, or lack of involvement with the criminal justice system, there were interesting differences based on residence that warrant discussion. First, both models found that poorer, more disadvantaged communities, older age, and local purchase of drugs were correlated. In contrast to an association between older age and higher CDI found for our sample, the opposite is found for the general population. A review of census data revealed that the older one is (at least up to age 50), the less likely one is to live in a disadvantaged community [64] . The strong association between local drug purchase and poorer, less advantaged community of residence supports the common sense notion that drug sales are more likely to occur in these communities. These relationships demonstrate the utility of using the compound variable CDI for analyzing the influences of place of residence on health.
The different factors associated with the two models reveal other aspects about our population of suburban injectors. In terms of overall health, the ordinal regression model suggests that poorer health status and reliance on government-subsidized insurance such as Medicare and Medicaid are more common among those residing in poorer, more disadvantaged communities. However, the GEE model demonstrates that younger age, higher level of depression, injecting outside one's home, reporting low social support, and larger reported injection networks are all associated with greater levels of risky injection, irrespective of residence. There are several limitations to the work presented in this report. Three are related to the process of accruing the sample. First, because there is no known sampling frame for active suburban injectors and because the sample accrued by RDS contained so many seeds, the sample is best considered one of convenience. Improvements to RDS that require additional information on recruitment failure were not available at the time our study was designed [65] . As a result there is little point in applying RDS-derived algorithms to estimate the underlying population. Second, our reliance on recruitment of seeds from among entrants into substance abuse treatment might have resulted in oversampling from treatment-experienced segments of the population of interest. Third, we recruited few participants either of high socio-economic status or who resided in the wealthier towns. We do not know if this is because such individuals do not exist or if they do but our social network approach could not reach them. It is possible that they were given a coupon, but declined to contact the study.
However, we did undertake four analyses of the sample to explore the spatial distribution of our participants' place of residence: (1) comparing those recruited into the longest chain to the other recruits, (2) comparing the entire sample to the geographic distribution of the general population in CDI groups within the eligible towns, and (3-4) comparing place of residence and age of the sample to the corresponding data on heroin-associated deaths from the Office of the Chief Medical Examiner. These analyses suggest that, although the sample cannot be analyzed using traditional measures associated with RDS, there is reason to think that the sample is broadly representative of the underlying population. Comparisons to databases of those seeking addiction treatment might shed some light on the existence of individuals in high-income communities, but these databases do not have data on whether or not the individual injected. In any event, it is not appropriate to try to generalize our findings to people who inject drugs in other suburban localities.
An additional limitation is that much of the data were obtained by self-report. We do not know the extent to which response biases influenced answers. It is felt that using computer-assisted interviewing reduces under-reporting of risky or stigmatized behaviors [66, 67] , and for that reason we chose this method for collecting data. However, we cannot rule out inaccurate self-reporting or recall bias. Despite these limitations, this report does constitute the first quantitative presentation on a wide range of sociodemographic, behavioral, health, and system interaction data from the understudied population of suburban residents who inject drugs.
Conclusion
This report suggests that a common observation about urban injection use-that injectors living in economically disadvantaged neighbors engage in greater HIV risk-does not extend to their suburban counterparts. This finding, combined with the low access to harm reduction services, the lack of knowledge about HIV, hepatitis, drug overdoses, and the poor awareness of viral infection status, reveals the need for greatly expanded harm reduction services targeting suburbanites who inject drugs regardless of their neighborhood of residence. The results also suggest the intersection of numerous serious health problems, including addiction, depression, hepatitis C infection, and incarceration will require comprehensive, integrated programs to improve public health responses for this population perhaps through a dual-diagnosis approach to providing harm reduction services.
